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Description 



This invention relates to a holl w fib r-type 
artificial lung according to the first part of claim 1. 
Such artificial lung is used in extracorporal circu- 
lation to remove carbon dioxide from blood and 
add oxygen to the blood. 

Artificial lungs are broadly classified into those 
of porous and membrane type. The membrane 
artificial lung, such as of stacked membrane type, 
coil type or hoi low fiber type, is widely recognized 
as being superior to the porous-type artificial lung 
in view of the fact that the blood conveyed 
through the lung undergoes less hemolysis, albu- 
min degeneration, clotting and affixation, and as 
being extremely close to the human lung in terms 
of its operating mechanism. Nevertheless, 
because the membrane-type artificial lung 
possesses a number of disadvantages set forth 
hereinbelow, the artificial lung of porous type is 
that used most widely in open-heart surgery at 
the present time. 

In order to obtain sufficient oxygenation with 
the membrane-type artificial lung currently avail- 
able, rt is required that the : blood flow layer be 
reduced in thickness. This means a narrow blood 
flow passage and, hence, a large, flow passage 
resistance. In consequence, it is not possible to 
achieve perfusion of the blood within the artificial 
lung by utilizing the head developed between the 
patient and the lung. Accordingly, as shown in 
Fig. 1* a blood circuit using the membrane-type 
artificial lung requires that a pump 2 be disposed 
on the inlet or venous side of the artificial lung, 
indicated at numeral 1. Numeral 3 denotes a 
blood reservoir, and 4 a heat exchanger. With the 
blood circuit shown in Rg. 1, however, the mag- 
nitude of the pressure adjacent the outlet of the 
pump 2 is greater than the sum of the pressure 
loss at the blood feeding catheter and the 
pressure loss of the artificial lung. The problem 
that results is an increase in the internal pressure 
of the circuit on the blood feeding side. A pro- 
posed solution to this problem, disclosed in 
Jp — A— 50—9299, is to pass the blood on the 
outer side of the hollow fibers. However, pro- 
posed arrangement has not put into practical use 
due to difficulties in removing air bubbles 
appeared in the blood in extracoporeal circuit 
Further, there are difficulties in priming and the 
like to put the proposed artificial lung into practi- 
cal use. 

The specification of the abovementioned 
publication discloses a theoretical arrangement 
for passing oxygen gas on the outer side of 
hollow fibers, but the arrangement does not 
maximize the gas exchange capability of the 
hollow fibers. To obtain a practical system, not 
only must the gas exchange capability be 
improved, but thefoliowing factors must be taken 
int consideration. Specifically, through use f 
the bio d reservoir 3 sh wninFig.1,th extracor- 
poreal ly circulating bl od is temporarily st reds 
that any air bubbles entrain d within th blood 
may be removed. 



A divisi nal application (file-Np. 88 106 609.6) 
describes a h II w fiber type artificial lung c m- 
prising: an axially extend d h using; a h How 
fiber bundle having a multiplicity of hollow fibers 
s accomodated within and along the axial direction 
of said housing, said hollow fibers forming blood 
channels between outer wall surfaces of neigh- 
bouring ones thereof, and being arranged within 
said housing in such a manner that neighbouring 
io blood channels are brought into substantial com- 
munication; first and second supporting walls 
liquidtightly supporting said hollow fibers at both 
end portions thereof within said housing; gas 
inlet means and, optionally, gas outiet means 
is provided on an outer side of at least one of said 
first and second supporting walls and com- 
municating with the hollow interior of said hoi low 
fibers; said first and second supporting walls, the 
inner wall of said housing and the outer wall 

20 surfaces of said hollow fibers defining a blood 
chamber; blood inlet and outlet means com- 
municating with said blood chamber; said blood 
chamber having a first blood flow passage at a 
portion adjacent said first supporting wall; said 

25 first blood flow passage com munic^tihg with said 
blood inlet means and surrounding 'said hollow 
fiber bundle circumferentially at the end portion 
retained by said first supporting wall/ and a 
second blood flow passage at a portion adjacent 

so said second supporting wall, said second blood 
flow passage communicating with said blood 
outlet means and surrounding said hollow fiber 
bundle circumferentially at the end portion 
retained by said second wall; and an intermediate 

35 portion providing constriction of the hollow fibers 
for reducing the cross-sectional area of the blood 
channels formed between neighbouring ones of 
said hollow fibers. In this artifical lung the inner 
surface of said housing in the vicinity of said 

40 blood inlet means is flared outwardly relative to 
the inner surface of the housing at the adjacent 
end of the intermediate portion thereof, thereby 
forming said first blood flow passage between the 
outer periphery of said hollow fiber bundle and 

45 the inner surface of said housing, said first blood 
flow passage being annular in shape. 

A hollow fiber-type artificial lung according to 
the first part of claim 1 is already described in 
EP— A — 0 048 943 and shown in Rg. 7 of this 

so application. 

Such a known artificial lung 11 A, shown in Rg. 
7, has projections P1, P2 projecting discontinu- 
ously in the direction of blood flow, these por- 
tions being located on the inner surface of a 

55 housing 15A defining a blood chamber 26A. With 
such an arrangement, the air to be vented during 
priming is entrapped by the projecting portions 
PI, P2, so that complete discharge of the air from 
the blood chamber 26A does not take place. 

so Accordingly, an object of the present invention 
is t provide a h How fiber-typ artificial lung 
which pr duces a blood fl w capable of impr v- 
ing gas exchange efficiency p r unit membrane 
area, which makes possibl blood perfusion utiliz- 
er ing the head develop d between the pati nt and 
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the artificial lung, and which effectively rem ves 
air envolved during priming and during us . 

In accordance with the present invention, this 
object is achieved by a h II w fiber-typ artificial 
lung as defined in claim 1. s 

The artificial lung comprises additionally a 
hollow fiber contructing portion for varying the 
cross-sectional area of the blood channels formed 
between neighbouring ones of said hollow fibers 
and gas venting means communicating with the io 
interior of said blood chamber, said venting 
means being situated higher than said blood 
outlet means when the artificial lung is in use. 

The above and other objects, features and 
advantages of the present invention will become 15 
more apparent from the following description 
when taken in conjunction with the accompany- 
ing drawings in which preferred embodiments of 
the present invention are shown by way of illus- 
trative example. 20 

Fig. 1 is a diagram of a blood circuit to which a 
prior-art membrane-type artificial lung is applied; 

Rg. 2 is a diagram of a blood circuit to which 
the hollow fiberrtype, artificial lung of the present 
invention is applied; 25 

Rg. 3 is a sectional view illustrating an embodi- 
ment pf a hollow fiber-type artificial lung accord- . 
irig to the present invention; v 
■ Rg. 4 is a sectional view taken along line IV— IV 
of Rg. 3; : v '. 30 

Rg. 5 is a sectional view taken along line V— V 
of Rg 3; 

Rg. 6 is a sectional view taken along line VI— VI 
of Rg. 3; 

Rg. 7 is a sectional view illustrating a hollow 35 
fiber-type artificial lung according to the prior art; 

Rg. 8 Is a sectional view showing the disposi- 
tion of the hollow fiber-type artificial lung of the 
present invention during priming; 

According to a first embodiment of the present 40 
invention, a hollow fiber^ype artificial lung com- 
prises an axial ly extended housing, a hollow fiber 
bundle having of a multiplicity of hollow fibers 
accommodated within and along the axial direc- 
tion of the housing, the hollow fibers forming 45 
blood channels between outer wall surfaces of 
neighboring ones thereof, and being arranged 
within the housing in such a manner that neigh- 
boring blood channels are brought into substan- 
tial communication, first and second supporting so 
walls liquid-tightly supporting the hollow fibers at 
both end portions thereof within the housing, a 
gas inlet port and, optionally, a gas outlet port 
provided on an outer side of at least one of said 
first and second supporting walls and com- ss 
municating with the hollow interior of the hollow 
fibers, the first and second supporting walls, the 
inner wall of the housing and the outer wall 
surfaces of the hollow fibers defining a blood 
chamber, blood inlet and outlet ports com- eo 
municating with the blood chamber, the bio d 
chamber having a first blood fl w passage at a 
portion adjacent the first supporting wall, th first 
blood flow passage c mmunicating with the 
blood inlet port and surrounding the hollow fiber 65 



bundle circumferentially at the end portion 
retained by the first supporting wall, and a second 
blood flow passage at a portion adjacent the 
second supp rting wall, the second b I od flow 
passage communicating with the blood outlet 
port and surrounding the hollow fiber bundle 
circumferentially at the end portion retained by 
the second wall, an intermediate, hollow fiber 
constricting portion for continuously reducing the 
cross-sectional area of the blood channels formed 
between neighbouring ones of the hollow fibers 
with no local inwardly directed projection, and a 
gas venting port communicating with the interior 
of the blood chamber, the venting port being 
situated higher than the blood outlet port when 
the artificial lung is in use. 

The gas venting port and the blood outlet port 
are provided at positions substantially symmetri- 
cal with respect to the axis of the housing. The 
second supporting wall has a concave portion on 
a side facing the second blood flow passage, and 
the gas venting port is provided in a side wall of 
the housing adjacent the concave portion of the 
second supporting wall. The hollow fibers are 
made of a microporous membrane.* L \. 

The inner surface of the housing in the, vicinity 
of the blood inlet port is flared outwardly relative 
to the inner surface of the housing at the adjacent 
end of the intermediate portion thereof; thereby;; 
forming the first blood flow passage between. the 
outer periphery of the hollow fiber bundle and the 
inner surface of the housing, the first blood flow 
passage being annular in shape. Similarly, the 
inner surface of the housing in the vicinity of the 
blood outlet port is flared outwardly relative to 
the inner surface of the housing at the adjacent 
end of the intermediate portion thereof, thereby 
forming the second blood flow passage between 
the outer periphery of the hollow fiber bundle and 
the inner surface of the housing, the second blood 
flow passage also being annular in shape. 

The flared inner surface of the housing in the 
vicinity of the blood inlet means is off centered 
with respect to the hollow fiber bundle so as to 
increase the distance between the blood inlet 
means and the hollow fiber bundle, thereby 
enlarging the flow area of the first blood flow 
passage facing the blood inlet means. Likewise, 
the flared Inner surface of the housing in the 
vicinity of the blood outlet means is off centered 
with respect to the hollow fiber bundle so as to 
increase the distance between the blood outlet 
means and the hollow fiber bundle, thereby 
enlarging the flow area of the second blood flow 
passage facing the blood outlet means. 

The gas venting port includes a detachable filter 
permeable to gas but impermeable to bacteria. 

Reference will now be had to Figs. 2 through 5 
to describe the artificial lung in detail. Rg. 2 is a 
diagram of a blood circuit to which the hollow 
fiber-type artificial lung f the present invention is 
applied, Rg. 3 is a secti nal view illustrating an 
embodiment f a h II w fiber-typ artificial Jung 
according to the present invention, Rg. 4 is a 
sectional view taken along lin IV — IV of Fig- 3, 
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Fig. 5 is a secti nal view taken al ng line V— V f 
Fig. 3, and Fig. 6 is a sectional view taken alonq 
line VI— VFof Rg. 3. 

As shown in Rg. 2, a blood circuit to which the 
present invention is applied has an artificial lung s 
11, a blood reservoir 12, a pump 13 and a heat 
exchanger 14 through which blood is passed in 
the order mentioned. 

As illustrated in Rgs. 3 through 6, the artificial 
lung 11 includes a tubular housing 15 to 
accommodating a bundle 17 of hollow fibers 16. 
The ends of the hollow fibers 16 are retained 
liquid tightly within the housing 15 via walls 18, 
19. A header 20 is attached to one end portion of 
the housing 15, and a header 21 to the other end is 
thereof. The inner side of the header 20 and the 
wall 18 define a gas inlet chamber 22 com- 
municating with the space within each of the 
hollow fibers 16. The inner side of the header 21 
and the wall 19 define a gas outlet chamber 24 20 
similarly communicating with the space within 
each of the hollow fibers. The header 21 is formed 
to include a gas outlet port 25, and the header 20 
is formed to include a gas inlet port 23. Thus, a 
gas such as Oxygen or air supplied from the gas 25 
inlet port 23 is capable of being passed through 
the interior of the hollow fibers 16. It should be 
noted that the header 21; and hence the gas outlet 
chamber 24 and gas outlet port 25, is not particu- ' "■v-".- 
larly essential, for an arrangement can be 30 
adopted wherein the gas exiting from the hoJIow 
fibers 16 is released directly into the atmosphere. 

The walls 18, 19, the inner surface of the 
housing 15, and the outer peripheral surface of 
the hollow fibers 16 define a blood chamber 26. 35 
Formed at the respective ends of the housing 15 
in the side thereof are a blood inlet port 27 and a 
blood outlet port 28, each of which communicates 
with the blood chamber 26. More specifically, the 
outer walls of adjacent hollow fibers 16 define 40 
channels through which the entrant blood may 
flow, and neighbouring channels communicate 
with one another owing to the clustered hollow 
fiber bundle. In consequence, the streams of 
blood flowing through these channels interfere 45 
with one another, causing the blood to flow in a 
turbulent manner. This makes it possible to 
achieve a turbulent blood flow at the periphery of 
the hollow fibers 16 within the blood chamber 26. 

The inner surface of the housing 15 at the so 
portion where the blood inlet port 27 Is provided 
is flared outwardly relative to the inner surface of 
the housing at the intermediate portion thereof, 
thereby forming an annular blood flow passage 
29 between the outer periphery of the hollow fiber ss 
bundle 17 and the inner surface of the housing at 
the flared end, as shown in Rg. 5. This makes it 
possible for the entrant blood to be distributed to 
each of the hollow fibers 16 smoothly from the 
entire outer periphery of the bundle 17 facing the so 
blood flow passage 29. Further, as shown in Rg. 
5, the flared inner surface of the h using 15 is off 
centered with respect to the hollow fiber bundl 
17 so as t increase th distance between th 
blood inlet port 27 and the bundle, thereby es 
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enlarging the flow area f that part of th bio d 
flow passage 29 facing the bio d inlet p rt 27. 
Thus, the fl w passage area f the blood flow 
passage 29 gradually diminishes with an increase 
in distance from the blood inlet port 27, so that 
the blood from the blood flow passage 29 is 
distributed in a uniform amount circumferentially 
of the hollow fiber bundle 17. This makes it 
possible for the flow rate of the blood traveling 
axially of the housing 15 within the blood 
chamber 26 to be uniformalized in relation to the 
circumferential direction of the hollow fiber 
bundle 17. 

The inner surface of the housing 15 at the 
portion where the blood outlet port 28 is provided 
is flared outwardly relative to the inner surface of 
the housing at the intermediate portion thereof, 
thereby forming an annular blood flow passage 
30 between the outer periphery of the hollow fiber 
bundle 17 and the inner surface of the housing at 
this flared end, as shown in Rg. 6. The blood 
enveloping each of the hollow fibers 16 will 
therefore flow from the entire outer periphery of 
- the bundle 17, which is facing the biood flow 
passage 30, into the abovemen^ibried < blood r ^ 
channels, and will proceed toWard .the^ blood 
outlet port 28 while mixing of the" blood flowing 
through a plurality of the channels &ke£ place. ^ . < : rr- 

Further; as shown jri Rg. • 6, me ;fllred inner 
surface of the housing 15 at the blbUifi outlet end 
thereof is off centered with respect to the hollow 
fiber bundle 17 so as to increase the distance 
between the blood outlet port 28 and the bundle, 
thereby enlarging the flow area of that part of the 
blood flow passage 30 facing the blood outlet port 
28. Thus, the flow passage area of the blood flow 
passage 30 gradually diminishes with an increase 
in distance from the blood outlet port 28, so that 
the amount of blood introduced to the blood flow 
passage 30 is uniformalized circumferentially of 
the hollow fiber bundle 17. This makes it possible 
for the flow rate of the blood traveling axially of 
the housing 15 within the blood chamber 26 to be 
uniformalized in relation to the circumferential 
direction of the hollow fiber bundle 17. 

The housing 15 is shaped such that its inner 
diameter has a minimum value at the mid portion 
of the housing axially thereof and a gradually 
larger value as the ends of the housing are 
approached. Thus, the housing 15 narrows or 
tapers towards it center from both ends to con- 
strict the outer periphery of the hollow fiber 
bundle 17 at the central portion thereof in the 
axial direction. Owing to the constriction of the 
fiber bundle 17 produced by the tapered shape of 
the housing 15, a uniform flow of blood through a 
transverse cross section of the fiber bundle 17 is 
obtained, and the flow speed varies along the axis 
of the bundle to promote a turbulent flow condi- 
tion. This makes it possible to improve gas 
exchange efficiency. It will be appreciated fr m 
Rgs. 3 and 4 that the centrally tapered inner wall 
of the housing 15 and th inner walls of the 
housing defining the blood fl w passages 29, 30 
form a continu us inner wall surface flaring ut- 
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wardly from th central portion of the h using. 
This c nfiguration assures that air, which is to be 
purged from the housing 15 during priming, will 
travel al ng the inner wall surface of the housing 
and exit from a gas venting port 31 , described s 
. later, without residing in the blood chamber 26. 

Alternatively, the inner wall of the housing 15 
may be flared linearly from, say, the end having 
the blood inlet port 27 to the end having the blood 
outlet port 28. to 

Each of the hollow fibers 16 consists of a 
microporous membrane. More specifically, each 
hollow fiber comprises a porous polyolefln resin 
such as polypropylene or polyethylene, with 
polypropylene being preferred. In this case, the is 
hollow fibers 16 have a multiplicity of small pores 
or holes interconnecting the inside and outside of 
the fiber wall. The hollow fiber has an inner 
diameter of about 100 to 1,00Ou, a wall thickness 
of about 10 to 500 and preferably 10 to 50u, and a 20 
porosity in the range of about 20 to 80 percent 
With hollow fibers 16 of this kind, membrane 
resistance to gas flow may be reduced and an 
. excellent gas .exchange performance obtained 

because the gas flow occurs as a volume flow. It ' 25 
should be noted that the hollow fibers 16 need not \ 
necessarily consist of a microporous membrane. 
: > - : For examples use can be made; of a siHcorie 
membrane that permits travel of a gas by dissolu- 
tion or diffusion: 30 

The packing rate of the housing 15 having 
hollow fibers of the foregoing type. Is as specified 
by the following formula: 

total cross-sectional 35 
area of fibres 

packing rate (%)= x 100 

housing 
cross-sectional area 

40 

More specifically, 

packing rate P{%) = (1 r) 2 ™^ la) 2 !! x 100 

2 2 45 

where r represents the outer diameter of the 
hollow fibers, n the number of hollow fibers 
enclosed within the housing, and a the inner 
diameter of the housing. The preferred packing $0 
rate at the end portions of the housing, namely at 
the portions of maximum diameter, is 20 to 50%. 
The preferred packing rate at the centrally con- 
stricted portion of the housing is from 1.2 to 4 
times the packing rate at the housing end por- ss 
tions. If the packing rate at the housing end 
portions is less than 20%, there is little surface 
contact with the outer wall of the hollow fibers 
and the blood flow is too linear. The result is an 
unsatisfactory gas exchange performance. If the so 
packing rate at the h using end portions is 
greater than 50%, nthe ther hand, the flow of 
blood is impeded, giving ris to an excessive 
pressure I ss. In a cas where the centrally 
constricted portion is provided, it is necessary to ss 
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increase the packing density at the c nstricted 
p rtion by at least 1.2 times. A figur below 1.2 
times will make it difficult for the blood t fl w in 
the desired turbulent manner, while a packing 
ratio greater than four times end portion packing 
ratio, or in excess of 80%, will give rise to an 
undesirable pressure loss. 

The hollow fiber-type artificial lung most pre- 
ferred has 40,000 hollow fibers, each having an 
outer diameter of 250 urn, enclosed within a 
housing the inner diameter whereof is 80.0 mm at 
the end portions and 64.0 mm at the constricted 
portion thereof. The packing rate is 39.1% at the 
end portions and 61 .0% at the constricted portion. 

The walls 18, 19 are formed by a centrifugal 
injection process in the following manner. First, a 
multiplicity of the hollow fibers 16, which are 
longer than the housing 15, are prepared, both 
open ends of the fibers are plugged with a highly 
viscous resin, and the fibers are then placed side 
by side within the housing 15. Thereafter, with 
both ends of the hollow fibers completely 
covered, a polymeric potting agent is poured in \ 
from both ends of the housing .15 while -the • : > 

housing is being rotated about a center of ; rotatiori. 
decided by the longitudinal direction of the hpus? r. r 
ing, under a condition in which the central axis of,, 
the housing is situated in the direction of the ; '-., t% 
radius of rotation; After the poured resin Was y - 
hardened, the outer faces of the resin are cut qff - 
by means of a sharp blade to exposeibotb open 
ends of the hollow fibers 16. This completes the 
formation of the walls 18, 19. As will be under- 
stood from Figs. 3 and 4, the sides of the walls 18, 
19 facing the blood chamber 26 define cylindrical 
concavities. 

The housing 15 is provided with a gas venting 
port 31 communicating with the blood chamber 
26, the port being situated higher than the blood 
outlet port 28 when the artificial lung is in use. 
The gas venting port 31 is fitted with a detachable 
filter 32 permeable to air but not to bacteria. The 
filter 32 is removed during priming and 
reattached after priming and serves to prevent 
bacterial contamination of the artificial lung 11 
during the venting of air evolved when the artifi- 
cial lung is used. 

During priming, the gas venting port 31 allows 
air to escape from the interior of the blood circuit 
and artificial lung 11, which air is displaced by a 
filling liquid such as a physiologic saline. Follow- 
ing the removal of air, the port 31 is plugged to 
form a hermetic seal. 

The gas venting port 31 and blood outlet port 28 
are provided at positions symmetrical with 
respect to the axis of the housing 15. During 
priming, as shown In Rg. 8, the central axis of the 
artificial lung 1 1 is tilted in a plane which contains 
both the gas venting port 31 and blood outlet port * 
28, whereby the gas venting port 31 is placed 
higher than the blood utlet port 28 to assure and 
facilitate the discharge f air. The gas venting port 
31 is located in the side wall of the housing 15 at a 
point adjacent the concave surface of the wall 18, 
as best shown in Rg. 4, so as to communicate 
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with the upperm stpart f the bl od chamber 26. 
This makes possibl thee mplete discharge fair 
during priming, as well as the complete discharge 

f air which occurs when the artificial lung is used, 
as when air that remains in the blood circuit 
connecting joints flows into the artificial lung 
during use. It should be noted that the gas venting 
port may be so provided as to penetrate the center 
of the wall 18. 

The operation of the artificial lung shown in Figs. 
3 through 6 will now be described. The artificial 
lung is for use in, e.g., open-heart surgery, and is 
installed in a blood circulating circuit of the kind 
shown in Rg. 2. Ordinarily, blood is extracted at a 
flow rate of 4 l/min. 

First, prior to introducing blood into the artificial 
lung 11, physiologic saline mixed with heparin is 
introduced from the blood inlet port 27 to exclude 
all air from the blood chamber 26 within the 
artificial lung 11. During this process, a tube 
communicating, with the blood reservoir will be 
connected to the gas venting port 31, from which 
the filter 32 has been removed, and the blood 
outlet port 28 is either connected to a tube in the 
same manner as the gas venting port 31 , or other- 
wise sealed by means of a cap or the like. 
Following the complete purging of the airfrom the 
interior of theartificial lung 11, the filter 32 is fitted : 
into the gas venting port 31 which is then sealed by 
means of a cap, not shown. Blood is introduced 
from the patient into the artificial lung 1 1 from the 
blood inlet port 27 at a predetermined head {on the 
order of 1 m).The entrant blood impinges upon the 
outer walls of the hollow fibers 16 near the blood 
inlet port 27 and flows into the annular blood flow 
passage 29 defined within the artificial lung. 
Owing to the force of gravity and the 1 m head, the 
blood rises within the blood chamber 26. As this 
proceeds, an exchange is effected between the 
carbon dioxide contained in the blood and oxygen, 
which enters from the gas inlet port 23 through the 
hollow fibers 16. The oxygenated Wood flows out 
of the blood outlet port 28 through the blood flow 
passage 30, is held in the reservoir 12 (Rg. 2) and 
then, under the influence of the blood feeding 
pump 13, is heated or cooled by the heat 
exchanger 14 before being fed back into the 
patient. 

Any air that appears in the artificial lung 11 
during the feeding of the blood, which air is 
primarily the result of residual air from the tube 
connections of the blood circuit flows in from the 
blood inlet port 27 together with the entering 
blood, rises within the blood chamber 26 and 
collects in the concave portion of the wall 18 at the 
upper end of the blood flow path 30. The collected 
ai r is rel eased to the outside throug h the filter 32 by 
removing the cap from the gas venting port 31 . At 
"such time the artificial lung 1 1 preferably is tilted, 
as shown in Rg. 8, to bring the gas venting port 31 
t a position higher than that of the bl od utlet 
p rt28. 

The actions and effects of the artificial lung 11 
shown in Rgs.3thr ugh 6 and in Rg. 8 will now be 
set forth. 



As described hereinabove, the h II wfiber-type 
artificial lung 11 f the invention comprises an 
axially extend d h using, a h It w fiber bundle 
having of a multiplicity of hollow fibers accommo- 

5 dated within and along the axial direction of the 
housing, the hollow fibers forming blood channels 
between outer wall surfaces of neighboring ones 
thereof, and being arranged within the housing in 
such a manner that neighboring blood channels 

io are brought into substantial communication, first 
and second walls liquid-tig htly supporting the 
hollow fibers at both end portions thereof within 
the housing, a gas inlet port provided on an outer 
side of the first or second wall and communicating 

is with the hollow interior of the hollow fibers, the 
first and second walls, the inner wall of the 
housing and the outer wall surfaces of the hollow 
fibers defining a blood chamber, blood Inlet and 
outlet ports communicating with the blood 

20 chamber, the blood chamber having a first blood 
flow passage at a portion adjacent the first wall, 
the first blood flow passage communicating with 
the blood inlet port and surrounding the hollow 
fiber bundle circumferential ly at the end portion 

25 retained by the first wall, and a second blood flow 
passage at a portion adjacent the second wall, the 
second blood flow passage communicating with 
the blood outlet port and surrpunding the hollow 
' fiber bundle circumferential ly at the end portion ; 

30 retained by the second wall, a hollow fiber con- 
stricting portion for varying the cross sectional 
area of the blood channels formed between neigh- 
bouring ones of the hollow fibers, and a gas 
venting port communicating with the interior of 

35 the blood chamber, the venting port being situated 
higherthanthe blood outlet port when theartificial 
lung is in use. Owing to such construction, gas 
exchange takes place while the blood is flowing in 
a turbulent state, making it possible to improve the 

40 gas exchange performance per unit membrane 
area. In addition, the blood flow resistance 
interiorly of the blood chamber does not take on a 
large magnitude, so that perfusion of the blood 
may achieved owing to the head developed 

45 between the patient and the artificial lung. 

Further, since the gas venting port and the blood 
outlet port are provided at positions substantially 
symmetrical with respect to the axis of the hous- 
ing, air can be discharged from the artificial lung 

so reliably and with ease during priming by placing 
the gas venting port higher than the blood outlet 
port, this being accomplished by tilting the central 
axis of the artificial lung in a plane containing the 
gas venting port and gas outlet port. The gas 

55 venting port is provided in a side wall of the 
housing adjacent the concave portion of the 
second wall. Consequently, the gas venting port 
communicates with the uppermost end of the 
blood chamber, making it possible to completely 

60 discharge air during priming, as well as air which 
occurs during use. The hollowfib rs are made fa 
microp r us membrane to reduce th resistance 
f the membran t traveling gases, and t 
enhance the gas exchange performance. 

65 In the artificial lung, th inner surface f the 
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housing where the bl od inlet port is provided 
is flared utwardty relative to the inner surface 
f the h using at the intermediate p rtion 
there f, thereby forming the annular first bl d 
flow passage between the outer periphery of the s 
hollow fiber bundle and the inner surface of the 
housing. This makes it possible for the entrant 
blood to be distributed to each of the hollow 
fibers smoothly from the entire outer periphery 
of the bundle facing the first blood flow 10 
passage. The inner surface of the housing 
where the blood outlet port is provided- is flared 
outwardly relative to the inner surface of the 
housing at the intermediate portion thereof, 
thereby forming the annular second blood flow is 
passage between the outer periphery of the 
hollow fiber bundle and the inner surface of the 
housing. This makes it possible for the blood 
enveloping each of the hollow fibers to be intro- 
duced smoothly from the entire outer periphery 20 
of the fiber bundle facing the second blood flow 
passage, into the blood outlet port. 

The flared inner surface of the housing in the 
vicinity of the blood inlet port is off centered . 
with respect to the hollow fiber bundle so as to 25 
increase the - distance . between the blood inlet 
port and the hollow fiber bundle, thereby 
enlarging the flow area of the first blood flow 
passage facing the blood inlet port As a result, 
,.■ -i the ; blood from the blood flow passage is distrir 30 
buted in a uniform amount clrcumferentially of 
the hollow fiber bundle, making it possible for 
the flow rate of the blood traveling axially of the 
housing within the blood chamber to be un- 
formalized in relation to the circumferential 35 
direction of the hollow fiber bundle. Similarly, 
the flared inner surface of the housing in the 
vicinity of the blood outlet port is off centered 
with respect to the hollow fiber bundle so as to 
increase the distance between the blood outlet 40 
port and the hollow fiber bundle, thereby 
enlarging the flow area of the second blood 
flow passage facing the blood outlet port As a 
result, the amount of blood introduced to the 
blood flow passage is unformalized circum- 45 
ferentially of the hollow fiber bundle, making It 
possible for the flow rate of the blood traveling 
axially of the housing within the blood chamber 
to be uniformalized in relation to the circum- 
ferential direction of the hollow fiber bundle. so 

Further, the gas venting port of the artificial 
lung includes a detachable filter permeable to 
gas but impermeable to bacteria. This prevents 
bacterial contamination of the artificial lung 
when venting air evolved during use of the ss 
artificial lung. 

Claims 

1. A hollow fiber-type artificial lung compris- go 
Ing: 

—an axially extended h using (15); 

—a hollow fiber bundle (17) having a multi- 
plicity of h How fibers (16) accommodated 
within and al ng the axial direction of said 65 
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h using, said hollow fibers forming bl od 
channels betwe n uter wall surfaces of neigh- 
bouring nes thereof, and being arranged within 
said housing in such a manner that n ighbour- 
ing blood channels are brought into substantial 
communication; 

—first and second supporting walls (18, 19) 
llquidtfghtly supporting said hollow fibers at 
both end portions thereof within said housing; 

—gas inlet means (22) and, optionally, gas 
outlet means (21) provided on an outer side of 
at least one of said first and second, supporting 
walls (18, 19) and communicating with the 
hollow interior of said hollow fibers (16); 

—said first and second supporting walls (18, 
19), the inner wall of said housing (15) and the 
outer wall surfaces of said hollow fibers (16) 
defining a blood chamber (26); 

— blood inlet and outlet means (27, 28) com- 
municating with said blood chamber (26); 

—said blood chamber (26) having a first blood 
flow passage (29) at a portion adjacent said first 
supporting wall (19), said first blood flow 
passage communicating with said- btood inlet . 
means (27) and su rrou nding said - ho Now fi ber 
bundle (17) circumferentially at the end* portion 
retained by said first supporting, wall (19)> and a . ,.- . •. 
second blood flow passage; (30),at;;a portion - 
adjacent said secdnoV supporting.,^ ; v v /•>, 

second blood flow passage (30) cornmunicatirig ; ^ Y 
with said blood outlet means (28) and surround- 
ing said hollow fiber bundle (17) circum- 
ferentially at the end portion retained by said 
second wall (18); 

—an intermediate portion providing constric- 
tion of the hollow fibers for reducing the cross- 
sectional area of the blood channels formed 
between neighbouring ones of said hollow fib- 
ers (16); 

characterized in that 

—the cross-sectional area of the housing 
within the intermediate portion thereof con- 
tinuously reduces from each end thereof 
towards the respective opposite end such that 
the inner surfaces defining said reducing cross- 
sectional areas meet and form a minimum 
cross-sectional area of the housing providing 
maximum constriction of the hollow fiber 
bundle with no local inwardly directed projec- 
tion, and in that 

—gas venting means (31) communicates with 
the interior of said blood chamber (26); 

—said venting means being situated higher 
than said blood outlet means (28) when the 
artificial lung is in use. 

2. The artificial lung according to claim 1, 
wherein said gas venting means (21) and said 
blood outlet means (28) are provided at posi- 
tions substantially symmetrical with respect to 
the axis of said housing (15). 

3. Th artificial lung acc rding to claim 1, 
wh rein said second supp rting wall (18) has a 
concave porti n on a side facing said second 
blood flow passage (30), and wherein said gas 
venting m ans (31) is provided in a side- wall of 
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saidh using adjacent thee ncave portion of said 
second supporting wall (18). 

4. The artificial lung according t claim 1, 
wherein said hollow fibers (16) are made of a 
microporous membrane. 

5. The artificial lung according to claim 1, 
wherein the inner surface of said housing (15) in 
the vicinity of said blood inlet means (27) is flared 
outwardly relative to the inner surface of the 
housing at the adjacent end of the Intermediate 
portion thereof, thereby forming said first blood 
flow passage (29) between the outer periphery of 
said hoflow fiber bundle (17) and the inner surface 
of said housing (15), said first blood flow passage 
(26) being annular in shape. 

6. The artificial lung according to claim 1, 
wherein the inner surface of said housing (15) in 
the vicinity of said blood outlet means (28) is 
flared outwardly relative to the inner surface of 
the housing at the adjacent end of the inter- 
mediate portion thereof, thereby forming said 
second blood flow passage (30) between the 
outer periphery of said hollow fiber bundle (17) 
and the inner surface of said housing, said second 
blood flow passage (28) being annular in shape. 

7. The artificial lung according to claim 5, 
Wherein the flared inner surface of said housing 
(15) in the vicinity of said blood inlet means (27) is 
off centered with respect to said hollow fiber 
bun d le ( 1 7\ so as to increase the distance 
between' said blood inlet means and said hollow 
fiber bundle, thereby enlarging the flow area of 
said first blood flow passage facing said blood 
inlet means. 

8. The artificial lung according to claim 6, 
wherein the flared inner surface of said housing 
(15) in the vicinity of said blood outlet means (28) 
is off centered with respect to said hollow fiber 
bundle (17) so as to increase the distance 
between said blood outlet means (28) and said 
hollow fiber bundle (17), thereby enlarging the 
flow area of said second blood flow passage 
facing said blood outlet means. 

9. The artificial lung according to claim 6, 
wherein said gas venting means comprises a gas 
venting port (31) having a detachable filter per- 
meable to gas and impermeable to bacteria. 

Patentanspruche 

1. KGnstliche Lunge vom Hohlfasertyp mrt: 

— einem sich axial erstreckenden GehSuse (15); 

— einem Hohlfaserbundel (17) miteiner Vieizahl 
von darin aufgenommenen und sich langs der 
Axialrichtung des Gehauses erstreckenden Hohl- 
fasem (16), die Blutkanale zwischen AuBenwand- 
flachen benachbarter Hohlfasern bilden und der- 
ail im GehSuse angeordnet sind, daft benach- 
barte Blutkanale in eine wesentllche Verbindung 
gebracht sind; 

— ersten und zweiten TragerwSnden (18, 19), 
die ffussigke'rtsdicht die Hohlfasern an beiden 
Endteilen hierv n innerhalb des Gehauses tra- 
gen; 

—einer GaseinlaBeinrichtung (22) und ggf. 



einer GasauslaBeinrichtung (21), die auf ein r 
AuBenseitew nigstens einer der ersten und zw i- 
ten Tragerwand (18, 19) vorgesehen sind und 
mit dem hohlen Inneren der Hohlfasern (16) in 

e Verbindung stehen; 

— wobei die ersten und zweiten Trigerwande 
(18, 19), die Innenwand des Gehauses (15) und die 
AuBenwandflachen der Hohlfasern (16) eine Blut- 
kammer (26) festlegen. 

70 — BluteinlaB- und -auslafieinrichtungen (27, 
28), die mit der Bfutkammer (26) in Verbindung 
stehen; 

— wobei die Blutkammer (26) einen ersten Blut- 
strdmungsdurchgang (29) an einem Teil neben 

is der ersten Tragerwand (19), wobei der erste 
Blutstrdmungsdurchgang mit der Blutein la Be in- 
rich tung (27) in Verbindung steht und das Hohlfa- 
serbundel (17) umfangsmaBig an dem durch die 
erste Tragerwand (19) zuruckgehaltenen Endteil 

20 umgibt, und einen zweiten Blutstrdmungsdurch- 
gang (30) an einem Teil neben der zweiten Trager- 
wand (18), wobei derzweite Blutstrdmungsdurch- 
gang (13) mit der BlutauslaBeinrichtung (28) in 
Verbindung steht und das HohlfaserbOndel (17) 

25 ) umfangsmiBig an dem durch die zweite Wand 
(18) zuruckgehaltenen Endteil umgibt, aufweist; 

— einem MittelteiL der eine Einschriu rung der 
Hohlfasern liefert, urn die Querschnlttsfldche der 1 
zwischen benachbarten Hohlfasern (t6) geoilde- : 

30 ten Blutkanale zu vermindern; -;' :r - 
dadurch gekennzeichnet, daB : ' ; 

— die Guerschnittsfliche des Gehauses inner- 
halb des Zwischenteiles hiervon sich kontinu- 
ierlich von jedem Ende hiervon auf das jeweilige 

35 entgegengesetzte Ende derart vermindert, daB 
die Innenfiachen, die die sich vermindemden 
Querschnittsflichen festlegen, eine Mindestquer- 
schnrttsflache des Gehauses erfullen und bilden, 
die eine maximale Einschnurung des Hohrfaser- 

40 bundels mit keinem lokal nach innen gerichteten 
Vorsprung hervorruft, und daB 

— eine Gasbeluftungseinrichtung (31) mit dem 
Inneren der Blutkammer (26) in Verbindung steht, 
wobei die Beluftungseinrichtung hoher als die 

45 BlutauslaBeinrichtung (28) liegt, wenn die kunstli- 
che Lunge in Gebrauch 1st 

2. KGnstliche Lunge nach Anspruch 1, bei der 
die Gasbeluftungseinrichtung (21) und die Blut- 
auslaBeinrichtung (28) an bezuglich der Achse 

so des Gehauses (15) im wesentlichen symmetri- 
schen Stellen vorgesehen sind. 

3. Kunstliche Lunge nach Anspruch 1, bei der 
die zwerte Tragerwand (18) einen konkaven Teil 
auf einer dem zweiten Blutstrdmungsdurchgang 

55 (30) gegenQberliegenden Se'rte hat und bei der die 
Gasbeluftungseinrichtung (31) in einer 
Se'rtenwand des Gehauses neben dem konkaven 
Tell der zweiten TrSgerwand (18) vorgesehen ist. 

4. Kunstliche Lunge nach Anspruch 1 bei der die 
60 Hohlfasern (16) aus einer mikroporosen Mem bran 

herg stelrtsind. 

5. Kunstliche Lunge nach Anspruch 1 bei der die 
Innenflach des Geniuses (15) in der NShe der 
Bluteinla&einrichtung (27) nach auBen bezuglich 

65 der Innenflache des Geniuses am benachbart n 
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Ende des Zwischenteiles hiervon aufgebauscht ist, 
urn so den ersten Blutstrdmungsdurchgang (29) 
zwischen dem AuBenrand des HohlfaserbOndels 
(17) und der Innenflache d s Gehauses (15) zu 
bilden, wobei der erste Blutstrdmungsdurchgang s 
(26) ringfdrmig ist. 

6. KOnstliche Lunge nach Anspruch 1, bei der die 
Innenflache des Gehauses (15) In der Nahe der 
BlutauslaBeinrichtung (28) bezOglich der Innenfla- 
che des GehSuses an dem benachbarten Ende des to 
Zwischenteiles hiervon aufgebauscht ist, urn 
dadurch den zweiten Blutstrdmungsdurchgang 

(30) zwischen dem AuBenumfang des Hohrfaser- 
bundels (1 7) und der Innenflache des Gehauses zu 
bilden, wobei der zweite Blutstromungsdurch- is 
gang (28) ringf&rmfg ist. 

7. KOnstliche Lunge nach Anspruch 5, bei der die 
aufgebauschte Innenflache des GehSuses (15) in 
der Nahe der BluteinlaBeinrichtung (27) aus der 
Mitte bezuglfch des HohlfaserbOndels (17) versetzt 20 
ist, urn so den Abstand zwischen der BluteinlaB- 
einrichtung und dem Hohlfaserbundel zu vergrd- 
Bern, wodurch die Stromungsflache des ersten 
Blutstromungsdurchgangs gegenQber der Blut- 
einlaBeinrichtung erweitert ist .'/• 25 , 

8. Kunstliche Lunge nach Anspruch 6, bei der die 
aufgebauschte Innenflache des Gehauses (15) in 

der Nahe der BlutauslaBeinrichtung (28) aus der - 

Mitte bezuglich des HohlfaserburKlelsf 17) versetzt 

ist urn so den Abstand zwischen der BlutauslaB- 30 , 

einrichtung (28) und dem Hohlfaserbundel (17) zu 

vergrOSern, wodurch die StrSmungsflache des 

zweiten Blutstrdmungsdurchganges gegenQber 

zu der BlutauslaBeinrichtung erweitert ist 

9. KOnstliche Lunge nach Anspruch 6, bei der die 35 
Gasbelflftungseinrichtung eine Gasbeluftungsoff- 
nung (31 ) mit einem Idsbaren Filter hat das fur Gas 
durchlassig und fOr Bakterien undurchlassig ist 

Revendications 40 

1. Poumon artificiel du type a fibres creuses 
comprenant: 

— une enveloppe s'6tendant axialement (15); 

— unfaisceaude fibres creuses (17) comportant 45 
une multiplicite de fibres creuses (16) logees a 
I'interieur de ladite enveloppe et suivant sa direc- 
tion axiale, lesdites fibres creuses formant des 
conduits de sang entre les surfaces de parol 
exteme de fibres adjacentes, et disposees a I'inte- so 
rieur de ladite enveloppe de telle sorte que tes 
conduits de sang adjacents soient mis sensible- 
ment en communication les uns avec les autres; 

— des premiere et seconde parois de support 
(18, 19) supportant lesdites fibres creuses de ss 
maniere etanche au liquide aux deux parties 
d'extremite de ces dernieres a I'inteYieur de ladite 
enveloppe; 

— un moyen d'admission de gaz (22) et option- 
nellement un moyen de sortie de gaz (21 ) prevus eo 
sur un cdte externe d'au moins une d sdit s 
premiere et second parois d support (18, 19) t 
communiquant av c Tint 'rieur creux desdites 
fibres creuses (16); 

— lesdites premiere et sec nde par is de sup- ss 



port (18, 19), la paroi interne de ladite enveloppe 
(1 5) et les surfaces de paroi externe desdites fibres 
creuses (16) definissant unechambre a sang (26); 

— des moyens d'admission et sortie desang (27, 
28) en communication avec ladite chambre a sang 
(26); 

— ladite chambre a sang (26) comportant un 
premier passage d'ecoulement de sang (29) situe a 
une partieadjacente a la premiere paroi de support 
(19), (edit premier passage d'ecoulement de sang 
etant en communication avec lesdits moyens 
d'admission de sang (27) et entourant ledit fais- 
ceau de fibres creuses (17) circonferentiellement a 
la partie d'extremite retenue par ladite premiere 
paroi de support (19), et un second passage 
d'ecoulement de sang (30) situe a une partie 
adjacente a ladite seconde paroi de support (18), 
ledit second passage d'ecoulement de sang (30) 
etant en communication avec lesdits moyens de 
sortie de sang (28) et entourant ledit faisceau de 
fibres creuses (17) circonferentiellement a la partie 
d'extremite retenue par ladite seconde paroi (18). 

— une partie intermediate assurant la constric- 
tion des fibres creuses afin de red u ire la section 
transversale des conduits de sang formes entre 
celles desdites fibres creuses (16) qui sont adja- 
centes; 

caracterise en ce que. , • , . y- ^Wvv- 

—la section transversale de I'enveloppe a I'inte^ 
rieur de sa partie intermediate dim inue prog ressi- 
ve ment a parti r de chacune de ses extnemites en 
allant vers I'extremite opposee respective si bien 
que les surfaces internes definissant lesdites sec- 
tions transversa les progressive ment reduites se 
rencontrent et forment une section transversale 
minimale de I'enveloppe assurant une constriction 
maximale du faisceau de fibres creuses sans 
protuberance locale orientee vers I'interieur, et en 
ce que 

— un moyen de degagement de gaz (31 ) commu- 
nique avec I'interieur de ladite chambre a sang 

(26) , ledit moyen de degagement etant place plus 
haut que ledit moyen de sortie de sang (28) lorsque 
le poumon artificiel est en service. 

2. Poumon artificiel selon la revendication 1, 
dans lequel ledit moyen de degagement de gaz 
(21) et ledit moyen de sortie de sang (28) sont 
prevus en des emplacements sensiblement sym6- 
triques par rapport a I'axe de ladite enveloppe (15). 

3. Poumon artificiel selon la revendication 1, 
dans lequel ladite seconde paroi de support (18) 
comporte une partie concave sur un cote situe face 
audit second passage d'ecoulement de sang (30), 
et dans lequel ledit moyen de degagement de gaz 
(31) est prevu dans une paroi lateral e de iadite 
enveloppe adjacente a la partie concave de ladite 
seconde paroi de support (18). 

4. Poumon artificiel selon la revendication 1, 
dans lequel lesdites fibres creuses (16) sont reali- 
ses en une membrane microporeuse. 

5. P umon artifici I selon la r vendicatl n 1, 
dans lequ I la surfac intern d I ad it enveloppe 
(15) a proximite dudit moy n d'admission de sang 

(27) s'evase vers I'exte rieur par rapport a la surface 
interne de I'envet ppe a I'extremite adjacente de la 
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partie intermediate de ladite env I ppe,formant 
ainsi le premi r passage d'ecoulement de sang 
(29) entre la p6riph6rie extern dudit faisceau de 
fibres creuses (17) et la surface interne de ladite 
enveloppe (15), ledit premier passage d'ecoule- 
ment de sang (26) e"tant de forme annulaire. 

6. Poumon artificiel selon la revendication 1, 
dans lequel la surface interne de ladite enveloppe 
(15) a proximite dudit moyen de sortie de sang 
(28) s'evase vers I'exterieur par rapport a la 
surface interne de I'enveloppe a rextremit^ adja- 
cente de la partie intermediaire de ladite enve- 
loppe, formant ainsi ledit second passage d'ecou- 
lement de sang (30) entre la peripherie externe 
dudit faisceau de fibres creuses (17) et la surface 
interne de ladite enveloppe, ledit second passage 
d'ecoulement de sang (28) 6tant de forme annu- 
laire. 

7. Poumon artificiel selon la revendication 5, 
dans lequel la surface interne eVasee de ladite 
enveloppe (15) a proximite* dudit moyen d'admis- 
sion de sang (27) est excentree par rapport audit 
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faisceau de fibr s creuses (17) afin d'augmenter la 
distance se pa rant ledit moyen d'admissi n de 
sang et ledit faisceau de fibres creuses, ce qui 
agrandit la superficie d'ecoulement dudit premier 
passage d'ecoulement de sang en regard dudit 
moyen d' ad mission de sang. 

8. Poumon artificiel seton la revendication 6, 
dans lequel la surface interne eVasee de ladite 
enveloppe (15) a proximite dudit moyen de sortie 
de sang (28) est excentree par rapport audit 
faisceau de fibres creuses (17) afin d'augmenter la 
distance se pa rant ledit moyen de sortie de sang 
(28) et ledit faisceau de fibres creuses (17), oe qui 
agrandit la superficie d'ecoulement dudit second 
passage d'ecoulement de sang en regard dudit 
moyen de sortie de sang. 

9. Poumon artificiel selon la revendication 6, 
dans lequel ledit moyen de degagement de gaz 
comporte un orifice de degagement de gaz (31) 
muni d'un filtre dSmontable permeable au gaz et 
impermeable aux bacteries. 
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